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RESEARCH MEMORANDUM

THE EFFECT OF INLET INSTALLATION ON THE ZERO-LIFT DRAG OF
A 60° DELTA-WING—BODY CONFIGURATION FROM FLIGHT
TESTS AT MACH NUMBERS FROM 0.8 TO 1.86

By Charles F. Merlet
SUMMARY

Zero-1ift drag resulis are presented for two 60° delta-wing config-
urations employing air inlets. One model had twin conical-shock semi-
circular scoops instelled just aheed of the wing-body Jjuncture. In the
other model, the wing section was modified over the inposrd portion of
the wing to allow installation of modified triangulaer inleis in the wing
leading edge. Mass-Tlow ratios of 0.72 to 0.90 for the conical-shock
inlets and from 0.94% to 0.79 for the wing-root inlets were cobtained over
a Mach number range from 0.8 to 1.86 and a Reynolds number range from

10 x 108 to 30 x 10°.

The drag of the configuration using the conical-shock scoops was
higher than the drag of the wing-root-inlet configuration throughout the
Mach number range. A comparison of the inlet configurations with the
basic wing-body configuration indicated that installation of the inlets
increased the drag coefficients at subsonic and transonic speeds, while
decreasing the drag-rise Mach number. At Mach numbers grester than 1.2,
it appesred that the increase in drag coefiicient due to the installation
of the conicel-shock inlets was largely due to spillage drag, while the
Wwing-root-inlet configurstion had an external drag coefficient equal to
or less than that of the vasic wing-body model.

INTRODUCTION

As part of its research progrart on air inlets, the Pillotless
Aircraft Research Division of the Langley Aeronsuticel Isboratory is
currently conducting s free-flight investigation to determine the effects
of the installation of inlets on airplane configurations. Data are pre-
sented in reference 1 for two wversions of a supersomic swept-wing inter-
ceptor configuration equipped with an inlet designed to supply air to a
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sirgle engine. The investigation reported herein was conducted on a
desigr suiteble for s multiengine airplane, such as a high-sltitude
supersonic bomber.

The besic wing-bcdy combination selected was a low-drag configura-~
tion of reference 2, and consisted of a 60° delta wing having an NACA
65A006 airfoil section parallel to the free-stream direction, mounted on
a parasbclic body of revolution. This basic wirg-bcdy combination was
moédified to allow ithe installation of inlets ard ducting sultable for a
multiengine corfiguration. Because of the center-of-gravity location of
the design airplane, the wing was located sbout O.14 mean aerodynemic
chord rearweard of i1ts position on the basic wing-body configaration, so
thet the trailing edge intersected the base of the body. In keeping with
the idea of testinrg alrplane configurstions, the twin vertical fins used
in reference 2 were repleced by a single vertical 60° delta fin.

Two rnodels were tested, each utilizirg a different type of inlet.
Cne mode_ 1ed senmlcircular twin scoop iniets of the coniceal-shock type
installed just shead of the wing leading edge. The octher model had twin
modifled triangulsr inlets irstalled in the Zesding edge of the wing.
The tests were wade with rocket~-provelled models in free flight at the
Langley Pilctless Alrcraft Research Station at Wallops Island, Va. Date
are presented for & Mach number range from 0.8 tc 1.86.

SYMBOLS
A cross~-secticnal ares, sq in.
) drag coefficient, ;EEEE—
c chord, in.
1 rnodel length, 65 in.
M Mach number
m/mo ratio of duct mass flow to the mass flow through a free-stream

tube neving an ares egual to the projected frontal area of
the inlet

static pressure, 1b/sq Tt

Lo]

2 o)

Reynoids number

et .
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S total wing area, 7.567 sq ft

t thickness, in.

X axial distance meesured from tip of model nose, in.

x' exial distance measured from leading edge of wirng, in.

¥ ratio of specific heats, 1.40 for air

97 cowling position parameter (angle between vertex of cone and

lip of inlet)

Subscripts:

B bese

D duct

T total

i inlet
int internzal

MODELS

Photographs of the models are presented in figure 1, and sketches
ere presented in figure 2. Both models were derived from the same basic
config‘rat1o", model 5 of reference 2, consisting of a 60° delta wing
with an NACA 65A006 airfoil section perallel ito the free stream, mounted
on a pevebolic body of revolution (table I). The present models were
made one-half the scale of the mcdel of reference 2 and eguipped with an
internal sustainer rocket motor to increase the maximum Mech mumber of
the tests. The wing was moved rearward sbout 0.1l mean serodynsmic chord,
so that the trailirg edge passed through the base of the body. A single
60° delta fin having er NACA 65A00h eirfoil section parallel to the free
stream was mounted vertically at the rear of the body to furnish direc-
tional stability.

Model 1 (fig. 2(2)) had a conical-shock inlet on ezch side of the
body Jjust rearward of the maximrr body diameter and shead of the wing
leading edge. Details of tke inlet, its 1nstaTlatlon, and the ducting
are shown in figure 3(a). Tke immer body, = 29 hali-engle cone posi-
tioned with a value of 8; = 42,59, was mounted on a boundary-layer

splitter plate which was concentric with the bedy and swept from the tip
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of the cone to the inlet lip. The splitter plate was separated from the
body by = 3/8—incl-high voundary-leyer diverter with an initial total
angle of L40©°,

The inlet kad internal and external cowl-lip angles of 0° and 17°,
respectively. The minimun duct area was at the inlet station and was 0.75
of the inlet capture area. The inlet capture area (for both inlets of
model 1) was 9.60 square inches. Each inlet was faired into 1ts own semi-
submerged nacelle which housed the individual ducting and ended in an indi-
vidual exit at the base of the model, as shown in figure 3(a). The vari-
ation of duct eree along the length of the model is presented in figure k.
Externally, the surfaces of the semisubmerged nacelles were parsllel to
the free-streaem direction from the wing leading edge to a point 4 inches
forward of the trailing edge. The last 4 incktes were boattsiled with an
angle of L4.4°., Coordinates of the external contours of the ducting are
presented in teble II.

Model 2 hed modified triengular-shsped inlets located in the leading
edge of each wing. Space for the inlets was provided by modifying the
inboard section of the wing as shown in table III. Tke modification was
achieved bty providing a constant 6-percent-thick sectlion slong the theo-
retical rooct chord from the S-vercent-chord point to the TO-percent-chord
poirt. Anead of the 4O-percent-chord line, the inboard section was modi-
Zied only over the portion of the span that enclosed the inlet ducting,
8.20 inches from the body center line. This portion of the modified air-
foil wes defined by Jjoinling the root section to the modified section
8.20 incktes from the model center line (see tebie III) with straight-line
elements alcng constent velues of x/c. The resulting discontinuity in
wing thicixness at this svanwise station wes faired arbitrarily. Rearward
from the 4O-percent-chord line to the trailing edge, the airfoll shape
was mcdified 10.5 inches out from the model center line. The external
contour in this region was formed by Jjoini the modified root-chord air-
foil section of table III to tne standerd sirfoll shape by stiralght-line
elements along any constant vaiue of x/c.

Details of the inlet ard ducting are shown in figure 3(b). The inlet
z1ps, which were interrally rounded, were staggered by reducing the sweep
angle of the lower iip to 570. The resulting stagger angle varied with
span frar 42.25° at the inboard end to 38.42° ocutboard. The projected
frontzl area cf both inlets was 9.10 square inches. The floor of the
duct was raised 3/8 irch from the body by a toundary-layer diverter having
an initial angie of 500. Begimming at a point just downstresm of the lip,
the floor of the duct was parallei to the body ceater line until the
entering airflow was completely erclosed. Transition was then made to a
section simiiar to that of model 1 by curving the duct center line and
increasing the duct width. The longitudinal variation of duct erea is
presented in fig. L.
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Externally, the portior of the ducting of model 2 that exceeded
the wing thickness was enclosed by a fairing, beginning at fuselage sta-
tion 31.2 and extending to the base of the model. The last 1l inches of
this feiring were identical to that of model 1. Externsl coordinates of
the fairing are presented in teble II.

For both models, the duet exits were msde larger than the minimum
erea of the inlet to insure achievement of maximum mass-flow raves. The
exit areas for both ducts totaled 8.16 square inches for model 1 and
8.83 square inches for model 2. The base areas were 20.80 square inches
and 20.13 square inches for models 1 and 2, respectively. The longitu-
dinal esrea distributions of the models, adjusted for the mass-flow rate
at M = 1.0, are presented in figure 5. The area deducted for the mass-
flow rate is shown at the bottom of the figure. The ares distribution
of the basic wing-body model of reference 2 is also shown for comparison.

INSTRUMENTATION AND TESTS

Each model was equivped with an accelerometer which measured longi-
tudinal decelerstion, =z manifold total-pressure rake to measure duct total
pressure, a static-pressure orifice to measure duct-exit static pressure,
and six static orifices menifolded together to determine base pressure.
The locations of the pressure rake asnd orifices are indicated in figure 3.
A four-channel telemeter transmitted continuous time histories of these
data to ground receiving stations throughout the flight. Model velocity
was determined from = CW Doppler redar velocimeter. The model's position
in space was determined from measurements made by an NACA modified SCR-58L
redar tracking unit. Ambient air conditions were determined from radio-
sonde measurements made at the conclusion of each of the flight tests.

The models were boosted to a Mach number of aporoximaiely 1.4 by a

. . AN s L . .
single Deacon rocket motor. Following the boost veriod, & BE-lnch rocket

motor contained in the body asccelerated the models to thelr maximum Mach
number of about 1.9. All data were obtained during the coasting flight
that followed the second boost period as the model decelerated to subsonic
speeds zlorg a nearly zero-lifi flight path. The Reynolds numbers (based
on wing mean aerodynamic chord of 2.42 feet) that were encountered are
shown in figure 6.

ANATYSTIS OF DATA

Tre total drag coefficient was obtained from reduction of the accel-
erometer data. Decelerations determined from the differentiation of the
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curve for Doppler velocity plotted against time were used to check the
accelerometer deta. For model 2, comparison of the two total-drag curves
irdiceted discrepancies in the telemeter data at subsonic and transonic
speeCs. The teleneter data for this model were therefore corrected to
agree with decelerations obtained from Doppler radar measurements.

The internal drag, defined as the momentum difference between flow
conditions in the free stresn ard at the model exit (ref. 3), was deter-
rined from the duct Internel-pressure reasurements, as were the mass-flow
ratios. The duct-exit total pressure, which was assumed to be equal to
tne total pressure measured by the duct manifold total-pressure rake, Was
used with the measured exit static pressure to deterrine the exit Mach
nurber of iie duct. Mass-flow ratios and internal drag were then calcu-
lated by using these determined exit corditions. 3Base drag was calculated
by esssuming that the sverage base pressure meassured by the manifold ori-
fices gpplied over the ertire pase area. The external drag was then
calculated by subtracting tke Internal ard base drag from the totgl drag.

RESULTS AND DISCUSSION

The total, Internal, and bese drag coefficients for each nodel are
presented in figure T as a function of Mach number. The gbrupt peaks
that cccur in both the total and base drag coeflficlents in the Mach num-
ber range from 1.3 to 1.6 are associzted with afterburning of the internal
rocket mosor. This intermittent burning of residue of the rocket grain
caused a slight flow cuz of the rocket nozzle, which affected the base
rressure significantly without producing any measurable thrust. Exem-
instion off the data shows that the increment irn total drzg Is entirely
accourted Zor by the messured incremert in base dresg.

Mass-flow ratios determined from flight messurements are preserted
on Sigure 8. TFor model 1, the mass-flow ratios at Mach numbers greater
ther 1.5 are somewhat lower than those of a comparebie nose inlet, because
the inlet is Zoceted in & region where the local flow has been expanded
over free-stream conditions. Although the inlet 1ip angles are such as to
cause a deteched skock akead of the lip over most of the test Mach number
range, the spillage asscciated with this detached shock appeers to be
small. The varigtion of mass-Tlow ratio witn Mach number for model 2 is
somewhat unusual. Considering the reistive sizes of the reference inlet
area, the mirimum inlet area, and the exit (fig. 4), the mass-flow ratios
at subsoric Mach rumbers appear reasonable. As the Mach number increased,
however, the mass-flcw ratio decreased unexplainably, becoming approxi-
mately constant for Mach nuroers greater tkan 1.5. For each model, the
exit area was larger than the minimun inlet area and it is therefore
bvelleved that a2t supersonic speeds these mass-flow rates are the maximum
attainabie for the particular in’et geometry and locatlon tested.



NACA RM 155109 A T

The external drezg coefficients for both models are presented in
figure 9 as a function of Mach number. Since both models are operating
at maximum flow rates, the drag coefficientis ere a minimum for the con-
figurations tested. The total drag minrus base drag for the basic wing-
body configurstion reported in reference 2 is also shown, corrected to
the average Reynolds number of the present tests. This correction added
an increment in drag coeLf1c1ent that varled fram 0.0009 to 0.0007 between
M=0.8 and M= 1l.4. A drag "bucket" occurred for all three models
between Mach numbers of 0.95 and 0.96. The pressure drag over the boat-
tail of the model of reference L showed a similar effect.

The externzl drag coefficient of model 1 exceeds that of model 2
throughout the Mach number range. At subsonic and low supersonic speeds,
the difference in drag may be due in part to the difference in spillage
dreg associsted with the different mass-flow ratios (fig. 8) for the two
models at these speeds. As the Mach number increases, the mass-flow
ratios become more comparable and hence the difference in drag appears
to be a result of the difference in configurations.

Comperison of the drag results for the present models with those for
model 5 of reference 2 (corrected to Reynolds numbers of present iests)
indicates the effect on drag of installing the inlet on the baslc wing-
body configuration. In compering these resulis, it should be noted that
the installation of the inlet and ducting increased the wetted surface
erea of the configuration by sbout 5 percenti of the totzal wing srea.

At subsonic and transoniec speeds, the external drag coefficients of the
inlet configurations were higher than the basic wing-body values. The
inlet configurations also had lower drzg-rise Mach mumbers and greater
transonic drag increases.

At supersonic speeds, model 1 had a comnsistently higher dreag coeffi-
clent than the basic wing-body model. Date preserted in reference 5 on
the external drag of an RM-10 body equipped with two conical-shock scoop
inlets show a compareble increase in drag over the body-alone drazg. For
example, at M = 1.49 +the increase in drag (based on wing asres of the
present tests) is gbout 0.002. It appeers reasonable, then, to assume
thet the higher supersonic drag level of model 1 is largely the result
of an increased fuselage drag due to the installation of the inlets.

Model 2, on the other hand, had higher drag only up to a Mach number
of 1.2. As the Mach number 1ncreased gbove this value, the decreasing
values of drag coefficient suggest that installation of this inlet would
not have increased the drag of the basic wing-body model It appears
that the modifications imposed on the configuration by the installation
of the wing-root inlets had less effect on the supersonic drag than did
the instslletion of the conical-shock inlets. ’
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It should be noted that comparison of the external drag coefficients
of the two inlet configurations does not allow complete evaluation of
their relative worth. Proper consideration must be given to the effect
of diffuser totel-pressure recovery on the engine thrust characteristics.
Since there was no external compression for the inlets of model 2, the
conical-shock inlets of model 1 would be expected to have better total-
pressure recovery than the wing-root inlet of model 2 at Mach numbers
greater than 1.5. Thus, on the besis of thrust minus drag, the two con-
figuratiors would appeer more nearly equal.

SUMMARY OF RESULTS

Zero-1ift dreg data are presented for two 60° delia-wing configura-
tions erploying air inlets over a Mach number range from 0.8 to 1.86.
One nmodel hzd twin conical-shock inlets installed just zhead of the wing-
body Jjunctire, which operated at rass-flow ratios from 0.72 to 0.90 over
the test Mach number range. The other model employed a valr of modified
triangular inlets installed in the inboard portion of the wing leading
edge, which operated at mess-flow ratios from 0.94 to 0.79 over the Mach
number range. Comparison of the external drag results of the two inlet
configurations and the basic wing-body drag results previously published
produced the following results:

1. The drag of the configuration employing wing-root inlets was
lower then that of the configuration with conical-shock inlets throughout
the tvest Mach numkter range.

2. Installation of inlets resulted in higher drag at subsonic and
transonic speeds as corpared witik the basic wing-pody drag resulis.

3. At Mach numbers greater than 1.2, the external drag coefficient
of the configuretion with wing-root inlets was equal to or lower than
the drag of tke besic wing-bcdy configuration, whereas the drag of the
configuration witk corical-shock inlets exceeded the drazg of the basie
wing-body configuration at supersonic speeds.

Langley Aeroneutical ILaboratory,
Nationai Advisory Committee for Aeronautics,
Langley Field, Ve., August 29, 1955.
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TABLE I.- BASIC FUSELAGE COORDINATES

r

- .

X, in. ry, in.
0 0
-390 097
.585 45
975 «239
1.950 L69
3.900 .902
5.850 1.298
7.800 1.658
13.700 2.267
15.600 2.730
19.500 5.047
23.400 3.218
27.300 3.248
31.200 3.221
35.100 3.161
39.000 3,069
42.900 2.943
46.800 2.785
50.700 2.594
54 .600 2.371
58.500 2.115
62.400 1.825
64 .000 1.750
65.000 1.750
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TABLE IT.- EXTERNAL COORDINATES OF DUCT

LY

,1

kT

ry (table I)

Mcdel 1 Model 2
x, in. d, in. ro, in. x, in. d, in. ry, in.
27.085 3.750 1.680 31.2 1.h71 1.750
30.875 3.750 1.750 Straight line taper
52.0 3.640 1.750
54.0 3.750 1.750
61.0 3.750 1.750 61.0 3.750 1.750
Straight line taper Straight line taper
65.0 3.750 1.h4bkp 65.0 3.750 l.hh2
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TABLE III.- COORDINATES OF MODIFIED ATRFOIL SECTION OF MODEL 2

\N}Lc} 654006 airfoil,
NOONUN NN N

A

’

Modified airfoil

|

8. bo" 10.50"
+20 ///\'40—percent-chord line
L .7 Model g,
| 43.55" |
Root section Outboard section
(8.20 inches from root chord)
x'/c, t/ec, x' /e, t/c,
percent chord percent chord percent chord percent chord
o] 2.46 o] 0.91
50 2.53 .50 1.00
Nio] 2.60 N ) 1.03
1.25 2.69 1.25 1.13
2.50 2.89 2.50 1.34
5.00 3.00 5.00 1.66
T0.00 3.00 T.50 1.92
75 .00 2.91 10.00 2.36
80.00 2.62 15.00 2.54
85.00 2.09 20.00 2.66
90.00 1.45 25.00 2.81
95.00 0.75 30.00 2.9k
100.00 0.02 35.00 2.97
Lo .00 3.00

Downstream of 40O-percent-chord line, external contour is formed by
straight-line elements along constant chord line from root section to

true airfoil section, 10.50 inches from root chord.




(a) Side view of model. 1.

Figure 1.~ Photographs of the models.
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(b) Top view of model 1.

Figure 1l.- Continued.
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(e¢) Three-quarter front view of model 1.

Figure 1.- Continued.
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(d) Side view of model 2.

Figure 1l.- Continued.
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(e) Top view of model 2.

Figure 1.- Continued.
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(f) Three-quarter front view of model 2.

Figure 1.- Concluded.
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Figure 2.- General arrangement of models.
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(2) Model 1.
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2,00 rad.

NACA 65A006 section
parallel to free stream
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NACA 654004 section
parallel to free stream
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(b) Model 2.

Figure 2.- Concluded.
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A b pressure
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D
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h‘ 5 10680 rad. 1 390 d
Splitter Diverter * rad. 1.281 rad.
plate .875 rad., — «590
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938 o T T
— e 2 o j&Base pressure
| be—sH-1.875 “ WI\ orifice
+ 1.8%5 2.625 b ¥ +
Section A=A Section B-B Sectlon C-C Section D-D
(a.) Model. 1.

Figure 3.- Details of inlet and ducting. All dimensions are in inches,
except as noted.
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boundary-layer diverter

(b) Model 2.

Figure %.- Concluded.
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Figure L4.- Variation of duct cross-sectional area with model length.
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Figurc 5.- Longitudinsal area distribution of models. The area deducted
for the mass-flow rate is shown at the bottom of the figure.
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Figure 6.- Flight Reynolds numbers, based on mean aerodynamic chord of

2.k2 feet, as a function of Mach number.
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(a) Model 1.

Figure T.- Total, internal, and base drag coefficicnts as a function of
Mach number.
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Figure 8.- Mass-flow ratios of models as a function of Mach number.
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